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1. FU DAMENTAL AND DERIVED UNITS 
~ngtlL Time ___ ___ _ 







secoDd_ _ _ -








foot (or milo) _________ ft. (or mi.) 
second (or hour) ______ spc. (or hr.) 
woight of 0110 pOllnd lb. 
POW6L_ ____ P kg/m/sC(' _____ . hOI':;opo\\'01'- __ _____ __ _ I1P. 
S d I {km/hL ___________ --- -- - -------- mi./hl' ____________ ___ _ 1\1. P . n. 
peo ------ m/~ce ____ . ___________________ 1 fl. !~ec__ __ f. p. s. 
___ -1. ____ -'--____ ----' 
2. GE:\"ERAL 
W, Weight,=mg 
g, Standard accelern,tion of gravity = 0. 0663 




P, Density (ma,;,; per unit volume). 
Standard den ity of dry air, 0.12497 (kg-m-' 
sec.') at 15° C and 760 mm =0 .002:nS (lb.-
ft.-4 sec.2). 
Specific weight of "st::mdard:' air, 1.2255 
kg/m3 =0 .07651 lb. /ft.s 
Y:\IBOLS, ETC_ 
1Il7.:3 , ~Iomellt of inertia (indicate axis of the 
radius of gyration, 7.:, by proper sub-
scripL) . 












Aspeet ratio . 
Distance fro111 c. g. to clenltor hinge. 
Coefficient of YL ·cosity. 
3. AERODY~.nIlCAL SYMBOLS 
V, True air speed. 
(j, Dynamic (or impacL) pressure=~ p P 
L, Lift, absolute coefficient CL = ~, tJu 
D, Drag, absolute coefficient C'D= J!, q. 
0, Cross - wind force, a b so l ute coefftciellt 
o 
Oc= qS 
R, Resultant force. (Note that these coefE-
eients are twice as large as the old co-
efficients L c) Dc.) 
iw Angle of setting of wings (relative to thru. t 
line) . 
ie, Angle of stabilizer setting with r ,ferellce to 
to thrust line. 
,,{, Dihedral :mgk. 
1'1 Reynolds N Ul11 hel", \\'here l is It linear 
p -;; ' dimension _ 
e. g ., for ft model nirfoil :3 in. chord, 100 
mi. /hr. normal pl"C;';Sllre, 0° C: 255,000 
and at ]5° C., 2:30.0()O; 
or for a model of 10 cm chord 40 m/sec, 
correc;ponding Humber,.; fire 2f)O,000 
find 270,000. 
('PI ('pnLer of pre sure cociu(;ient (ratio of 
Jistanec of e. P. from leading edge to 
chord length) . 
,3 , Angle of stabilizer seLLing with reference 
to low-er wing, = (it -iw) ' 
a , Angle of attack. 
E, Angle of downwash. 
REPORT No. 255 
PRESSURE DISTRIBUTION OVER AIRFOILS AT 
HIGH SPEEDS 
7552-27--1 
By L. J . BRIGGS and H. L. DRYDEN 
Bureau of Standards 
1 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
3341 AVY B fLDI G, WASl-l l NGTON, D. C. 
An independent Government establishment, created by act of Congress approved March 3, 1915, for 
the supervision and direction of·the scientific study of the problems of flight. It consists of 12 members 
who are appointed by the President, all of whom serve as such without comiJf\nsation. 
CHARLES D. WALCOTT, SC. D., Chairman. 
ecretary, roithsonian Institution, Wash ington, D. C. 
DAVID W. TAYLOR, D. Eng., Secretal'Y. 
Washington, D. C. 
JOSEPH . AMES, Ph. D. , Chairman, Executive Committee. 
Director, Physical Laboratory, John Hopkins University, Baltimore 11l. 
GEORGE K. BURGESS, Sc. D., 
Director, Bureau of tandards, Washington, D. C. 
JOB F. CURRY, Major, United tates Army. 
Chief, Engineering Division, Air 'ervice, Dayton, Ohio. 
WILLIAM F. DURAND, Ph. D., 
Profe or of Mechanical Engineering, .stanford UniverSity, California. 
EMORY . LAND, Captain, United States avy. 
Bureau of Aeronautics, avy Department, Washington, D. C. 
CHARLES F. fARVIN, 1\1. E., 
Chief, United tates Weather Bureau, Washington, D. C. 
WILLIAM A. MOFFETT, Rear Admiral, United tates avy. 
Chief, Bureau of Aeronautics, avy Department, Washington, D. C. 
MASON 1. PATRICK, fajor General, United States Army. 
Chief of Air Service, War Department, Washington, D. C. 
S. W. STRATTON, c. D., 
President, Massachusetts Institute of Technology, Cambridge, Mass. 
ORVILLE WRIGHT, B. S., 
Dayton, Ohio. 
EXECUTIVE COMMITTEE 
JOSEPH S. AMES, Chairman. 
DAVID W. TAYLOR, Secretary. 
GEORGE K. BURGESS. MASON M. PATRICK. 
JOHN F. CURRY. S. W. TRATTON. 
EMORY S. LAND. CHARLES D. WALCOTT. 
CHARLES F. MARVIN. ORVILLE WRIGHT. 
WILLIAM A. MOFFETT. 
GEORGE W. LEWIS, Director of Aeronautical Research . 
JOHN F. VICTORY, Assistant Secretary. 
REPORT No. 255 
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By L. J. BHT<1GS and I r. L. DRYD};N 
SUMMARY 
Thi report deal with the pre me di t,ribution over airfoil at high speeds, and describes an 
extension of an invesLio'ation of the aerodynamic characteristics of certain airfoils which was 
presented in . A. O. A. Technical Report o. 207 (Reference 1). The work wa carried out 
at the reque t and with the financial as i tance of the National Advisory Committee for Aero-
nautics. A large compressor plant at Edgewood AI' enal wa made available for the experiments 
through the courtesy of ~he Ohemical 'iVarfare ervice. 
The results pre en ted in Report o. 207 hfive been confirmed and extended to higher peeds ' 
through a more exten ive and y tematic serie of te ts. Observation were al 0 made of the 
air flow ncar Lhe surface of the airfoil, and the large change in lift coefficieo Ls were shown to he 
a ociated with a udden brCflking away of the £low from the upper surface. 
The te t w(,l'e made on models of I-inch chord and compari on with the earlier measure-
ments on models of 3-inch chord show that the sudden change in the lirt coefficien t is due to 
compressibility and not to a change in the Reynold umber. The Reynolds Number still has 
a large e.ITect, however, on the drag coefficient. 
The preSSlU'e distribution ob en'ation. furnish the propeller de igner with data on the load 
di tribution at high peed, and also gi ,'e a hetter picture of the air-flow change. 
I TRODUCTIO 
In Technical Report 207 of the National Advi ory Committee for Aeronautics an account i 
given of the re ults of some measurement by G. F. Hull and the author of the lift, drag, and 
center of pre sure of ix airfoils at speed ranging from 550 to 1,000 feet per second. The airfoils 
were of the type used by the Army Ail' Ser vice in the design of wooden propeller, and the 
experimen ts howed that their aerodynamic characteri tic at the peed actually encountered in 
propeller blade were quit different f1' m tho e at ordinary wind tunnel speeds. 
The present report de cribes an extension of the inYe tigation to Lhe mea urement of the 
distribution of pre ure oyer the ame ix airfoil ection at high peed. The object of tbig 
!Ldditional work Wfi twofold; first, to furnish the designer with data on the load di tribution at 
high speeds, and second, to throw orne light on the changes in ail' flow, 0 that it better under-
standing might be gained of the effect of high peed on the type of air flow. 
The work described in Report 0 . 207 wa carried out in an air stream 12 inches in diameter 
at the Lynn plant of the General Electric Co., on airfoil of 3-inch chord. It W!L not po sible 
to continue the work at Lynn, because no compre or was available. Furthermore, the operating 
conditions fit Lynn were such that it wa difficult to obtain a series of observations at the ame 
wind speed wi Lhou t a large expendi ture of time. It wa decided therefore to carry 0 n the work 
at the com pre , or plan t at Edgewood Arsenal in an air tream 2 inche in diameter and on 
models of I-in h chord, the plant being made available through the courtesy of the Chemical 
Warfare Service. Although thi change in the ize or the model and the air tream had the di -
fidvantage of changing the experimen tal condition 0 that the re ult were not exactly com-
parable, the modification of the program ha amply justified itself by the marked improvement 
in operating condition and it ha , in addition, given new information as to the relfitive impor-
tance of the vi co ity and compressibility effect. 
3 
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APPARATUS 
Air stream.- The air stream was furnished by the 155-millimeter comprc or plant at 
Edgewood Arsenal. This plant, which was used during the war in connection with the refriger-
ation of mustard gas dming the process of filling gas shells, con ist of four electrically-driven 
double-acting reciprocating compre SOl' capable of delivering jointly about 1,800 cubic feet of 
free air per minute at any pressure up to 125 pounds per square inch. In the present work they 
were u ed to maintain an air stream at a speed up to 1,250 feet pel' second through a 2-inch 
orifice. The air after leaving the compre SOl'S was water-cooled and then passed through a 4-
inch line in which a tank was included to damp out the pulses produced by the reciprocating 
motion of the compressors. About 200 feet along the line from the compressor the air passed 
into a vertical pipe inches in diameter, with an orifice mounted at its upper end for forming the 
high-speed air jet. The air speeds at which observations were taken were 0.5, 0.65, 0.8, 0.95, 
and 1.08 times the speed of sound at the temperature of the jet, COITe, ponding to 563, 732, 902, 
1,071, and 1,218 feet per second at 20° C. The pressure and therefore the jet speed was main-
tained con tant by a manually operated blow-olI valve placed in a line connected to the ballast 
tank mentioned above. The values of the air speed were computed from the pressme observed 
on a manometer connected to a small hole in the 8-inch pipe about 2 feet ahead of the orifice 
mouth, the method of computation being described in the section on reduction of observations. 
Orijices.-Two orifices were used. For speeds below the speed of sound a 2-inch cylindrical 
orifice, 1.05 inches in length, was found to give satisfactory flow conditions. For the highe t 
speed of 1.0 times the speed of sound it was necessary to u e a slightly expanding orifice to 
avoid large fluctuations in pressure in the stream. This orifice had a throat diameter of 1.9 
inche , a length of 0.55 inches, and a taper of about 1 in 21. In each case a rounded approach 
was used, the section being changed from the full 8-inch diameLer of the pipe to the throat dia-
meter in a length of about 4%: inches. 
Airjoils.-The airfoil sections were the same as those described in detail in Technical 
Report o. 207 of the ationa! Advisory Committee for Aeronautics but were of I-inch chord. 
(Cf. figs. 4- 9.) The maximum thickness was 0.10, 0.12, 0.14,0.16,0.18, and 0.20 inch, respec-
tively, for the six airfoils. Because of the small thickness it was not practicable to have enough 
stations on one airfoil to determine the pressure distribution satisfactorily, for the forces in-
volved were rather large and the insertion' of connecting tubes necessitated the removal of a 
comparatively large amount of metal. For this reason seven models were required for each 
of the six sections. They were made by Mr. W. R. ichols, of Waltham, Mass., and were of 
brass, to facilitate the necessary machining operations. 
Thirteen stations were chosen as a minimum number ati factory for determining the 
pressure distribution curves. Seven stations were placed on the upper surface and six on the 
lower, spaced close together near the leading edge where large pressure changes were to be 
anticipated. The locations of the stations with regard to the airfoil section are shown in Table 
I which gives the distance of each station from the nose, measured parallel to the chord and 
expressed as a· fraction of the chord. The ordinates at these points are given for airfoil J o. 1 
of 0.10 camber ratio, and the values for the other airfoils are proportional to the camber ratio. 
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Two station were located on each of SL\: model of each airfoil section, while one model 
carried only one station. The holes (about 0.025 inch in diameter) were offset one-eighth inch 
from the center of the airfoil, one toward either end, and connection was made through small 
tubing set into a groove milled in the opposite surface of the airfoil to short tubes of larger 
diameter soldered to the ends of the airfoil. After the tubing had been placed, the groove was 
filled with older and carefully smoothed over. Figure 1 show' a number of the models with end 
connec tions. 
Airfoil mounting.-A flange on the verLical 8-inch pipe cal'l'ied two vertical rod, which 
8Nved a supports. (See fig. 3.) The mounLing for Lhe airfoils is hown in Figw'e 2. The 
emicircular bracket B, forming the main part of the mounting, could be rotated at 0 abouL 
one of the vertical rod , so that the airfoil could be wung into Lhe t.ream or taken out at will. 
The bracket carried two hollow members M rotating in plain bearings about a common hori-
zontal axis and haped so that the airfoil A could be clamped firmly to them aL each end. The 
rotating member carried pointers P Lraveling over angular scales fastened to the bracket. A 
!"I"'..--~ -~T-J"-""""'Y'- ~ ...... ~ ~ .. ~-. •• "'~~ .. ",.,..~~. 
. ;. ~. .). 
:~ ... r'. " _ . ' . J - • • ~ 
FIG. I.-Two groups of airfoils used in the tests. The holes for measuring the pressure may he seen on airfoil 2-5, 2-4 
tangent crew S proyided a close adjustment, and quick acting clamp C held the airfoil in posi-
lion aL any angle Lo Lhe airstream. Rubber Lubing conneclion' to a manometer were brought 
in through Lhe hollow roLating members to the hort metal tube. on the ends of the airfoil. 
1l1anomete1's .- The static pressure in Lhe -inch pipe wa mea ured by mean of a dead-
weigh t pisLon gauge or by a mercury U-tube gauge. The two in. trument were connected in 
parallel, 0 that either could be used or the two compared at any time. The U-tube gauge 
proved better for low pressures and speeds, while the dead-weight gauge wa ati factory at the 
two higher speeds. 
The pres ure at the station on the airfoil was read on a mercury U-tube gauge of special 
design. The in trumenL wa provided with marker designed to avoid parallax and so arranged 
that the markers could be set quickly and Lhe actual cale reading' taken ubsequently while 
a new pre ure was building up. The U-Lube wa. also equipped a t the bend with a valve which 
could be used to hold the mercury in po ition while adj u tmen t were being made on the air-
foil. The valve could also be used to damp out fluctuation by partially closing it, but Lhif 
was found necessary in only a few instances. 
6 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
Both pres ure were mea ured with reference to the actual baromet ric pre sure , ince sLaLic 
tube mea mement howed that the tatic pressure of the tream wa equal to the barometric 
pres ure, wi thin the experimental error. The barometric pre ure wa mea ured by a . tandard 
mercurial barometer. 
Thermometer were provided to mea me the air temperature in the pipe and the air tem-
perature near the manometers and barometer. 
A general view of the et-up is hown in Figure 3. 
GE ERAL PROCEDURE 
The measurement were carried out in Lhe following orde r. ~\. model wa clamp d in the 
support and et at an angle of zero deO'ree to the wind tream. One staLion wa connected 
to the mercury U-tube, and the connection to the other tatio n closed. The airfoil wa then 
swung into the ail' tream and the manometer allowed to come Lo a Leady state. The yalye 
on the manometer wa then clo, ed and the ob erver at the manom eLer adjusted the markcr.' 
while the ob erv r at the airfoi l tu rn ed the airfoil to a new angle. After the markel'~ were 
set, the fir t ob erver opened the manomeLcr valve and read the po ition of the markers and 
recorded Lhem while equilibrium in the ne\\' condition wa beinO' e tabli hed. Mea urement 
were made for this one station at the lowe t peed at 4° intelTal from -20° to + 24° . The 
econd tation wa then connected and th first do ed ofl' and mea uremellt~ made over the ame 
range of angles. The airfoil wa then removed and a replica with two other ation eal'ried 
through tbe ame range, Lhis proce being continued until all 13 tation, on one section had 
been cove ~ed at one speed, a total of 156 ob en' ation . 
The remaining five ection were tested il t the same peed, making 936 observation, and 
then Lh whole . cries was repeated for each of Lhe remaining fOllr speeds, giving 4,6 0 obser-
vations in all . Where neces ary, additional ob ervations were inte rpolated. 
An a si Lant kept the pre sure in Lhe -inch pipe constant by hand regulation of the blow-
off valve and thus, a will be hown later, kept the value of the ratio of the air speed to the 
speed of ound con tant at the de ired value. 
RED CTIO OF OBSERVATIO 
Notation.-
P = ab olute pl'esslU'e at a station on the airfoil. 
p, = absolute tatic pre ure inside pipe (velocity pressure negligible). 
Po = absolute tatic pres ure in jet (equal to barometric pressure). 
PI - Po = impact pressure. 
V = the sp ed of air in jet. 
c= peed of olmd at temp raLul'J of jet. 
p = den ity of air in jet. 
J.L = vi co ity of air in jet. 
1 V' l' q = 2" p - = ve OOlty pres ure. 
l = linear dimension determining the cale (chord of airfo il \. 
J = mechanical equ ivalent 'of heat. 
Oil = specific heat of ai l' at constant pre ure. 
k = ratio of specific heats. 
T, = absolu te temperature in pipe before expan ion. 
To = absolute temperature in jet after expan ion. 
PressuTe on aiTjoils. - The results of the pre sure mea mements are expre sed in terms of 
the nondimensional 01' absolu te coeff'Leient of tbe type de erihed in Report 207 of the rational 
Ad,ri ory Committee for Aeronautic. The principle of climensional homogeneity indicates 
that the pre lIre difference P - Po is equal to the yeloeity pre surr, q= ;p V2, time it funcLion 
of the Reynolds umber Vlp/J.L and the eompre sibility variable Vic. In other words 
P - Po= P- Po= f(pVl, V) 
1V2 q J.L C 
2/ 
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FlO. 2.-The apparatus for holding the airfoil 
FIG. 3.-General view or apparatus. Gauges ror speed measurement and control valves at the left, airfoil mounting in the center, gauge for 
pressure distribntion at the right 
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. 
As will be shown in the next paragraph q is equal to the measured pressure in the 8-inch 
pipe times a factor which depend only on the speed ratio, V. Both P and the pipe pressure 
C 
are measured on mercury manometers at nearly the same temperature for the three low speeds 
so that the ratio may be taken directly without further reduction. For the two high speeds 
the reading of the dead-weigh t gauge i fir t reduced to cm. of Hg. Values of P - Po are then 
q 
obtained by multiplying by the appropriate factor of Table II. 
Speed ratio.-The speed ratio is computed from the pres ure of the air in the pipe before 
expansion on the a sumption that the expansion through the orifice is isentropic, that air is an 
ideal gas, and that the pressure in the jet ju t out ide the orifice i equal to the barometric 
pressure. The first a sUlnption is ubstantiated by the experimental fact that for peeds below 
the speed of sound an impact tube in the jet give a pressure which balance the pre sure on 
an impact tube in the pipe within yery close limits. Hence there is no appreciable dis ipation 
of energy by resist.ance or heat conduction, during the expan ion through the nozzle and the 
recompression ahead of the impact tube in the jet. The third assumption is substantiated 
by tatic tube mea, urements in the jet. 
The formula for the peed computed on the e a sumpt.ion is 
k-l 
Tf2 = 2J OpTf{ 1 - (~:) k} = 2J Op(Tf - To) (1) 
ow the velocity of sound c i proportional to the quare root of the absolute temperature; 
hence if Co is the value under standard conditions, as for example at 00 
mce 
Dividing equation (1) by c2 
k-l 
c2= co2Tf (72 0)-k-
273 \Pi 
Vic therefore depends only on the ab olute pre sure ratio and not on the temperatme T j • 
(2) 
The values of Pt- Po corresponding to a definite value of Vic vary slowly with changes in 
the barometric pre sure, Po, but it was found quite feasible to make allowance for this variation 
and carry out all mea urement at the arne value of Vic. The effect of change of the den ity 
of mercury with temperature wa well within the general precision of the work. 
Attention ha been called to the fact that the velocity pressure 4p V2 may be readily com-
puted from the ob erved pressure, Pi - p)' In fact 
Po 288 X 0.0012255 
p= To 1 013 300 
where pi the den ity in gm/cm2, Po the barometric pre ure in dyne /cm2 and To the ab olute 
temperature in 0 Hence 
1 2 
-pV2= 2 
k-J X 0.0012255 J O {(pi)T -I} 
1 01 3 ~OO pPo Po 
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ubstituting for the quantity in the bracket it equivalent from equation (2) 
Therefore 
§ p P=3.5088 Po (0.19991 Pjc2) 
( V2) i/2 1 + 0.19991 ? - 1 
V2 
3.5088 X 0.19991 2 c 
9 
(3) 
a result dependent on ly on Vic. Values fot' the speed used are given in Table II and by their 
aid the results given in the paper for f - po can be recomputed to give ratios to impact pressure 
2 pVZ 














The tables in the appendix to this report and the curves of Figures 4 to 9 give the values of 
p - po ~p V2 for the 13 tations on each of the ix airfoil ection at the five values of ~. 
INTEGRATION OF PRESSURES 
For compari on with the earlier 1'e ult it i neees ary to compute values of the total forces 
and moments, i. e., the lift coefficients, drag coefficients, and center of pres ure coefficients as 
defined in Report 207 .1 
It is inconvenient to determine the lift fLnd drag coefficient directly fLnd therefore the normal 
Jorce and tangential force eoefficien t , ON and OT arc first computed, Lhe normal force being 
defined as the force normal to Lhe chord of Lhe airfoil (whereas the lift is normal to the wind 
direction) and the tangen tial force as the force parallel to the cho rd (whereas the drag is parallel 
to the wind direction ). The lift and drag oefficien ts, OL and OD, follow imme,diately from the 
relation 
OL=ONCO a-Or ina 
OD = ON in a + Or co a 
where a is the angle of attack. 
Force computed from the observed pre ' ures can not take account of the effect of skin 
friction, ioce only the pre llre normal to the surface is measured by the method described. 
It is to be expected, therefore, that th e force computed from the pre ures will differ somewhat 
from the directly measLlred forces , e pecially in the ca e of t,he drag component. 
The method of determining the normal and tangential force coeffICients from the pre ure 
normal to the urJace r duces to the determination of the area of two eurve , one in which the 
ob erved pre me are plotted as ordinate and distance of the tation parallel to the cho rd 
CL= Lift 
1 
2 p I "~ .\ rca 
CD= Drag_ 
1 
2 P I" Area 
Center of pressure coefficient=distance center of pressure to leading edge measured parallel to chord divided by chord length. 
,\foment coefficient =(OL cos a+Cn sin al times center oC pressure coefficicnt. 
a=angle of attack. 
7552-27--2 
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V i c = 0.50 
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FIG. 4.- Distribulioo of pressure over airfoil 1 at various speeds and angles. Abscissae are distances (rom tbe nose measured along 
Lhe chord. Ordioates are values of ~ 
~pVJ 
Vjc 0.50 o 
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FlO. 5.-Distribution of pressure over airfoil 2 ot \'orious speeds and Dngles. Abscissae are distances from the nose measured along 
tbe cbord. Ordinates arc values of ~p-;; 
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Air-ro il 3 
FIG. 6.-Distribution of pressure O\'er airfoil 3 III various speeds and angles. Abscissae are distances from tbe nose measured along 
the chord. Ordinates are \'alues of Pt-PG 
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'Vjc 0.50 
II = 0.65, 
II 0.80 












:r/G. 7.-Distribution oC pressure over airCoil 4 at various speeds and angles .• \bseissae arc distances Crom the nose measured along 
the chord. Ordinates are values oC fp~~" 
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V", ~.- »islrihutiQO of pre 'sure over airfoil 5 at various speeds and angles . Abscissae arc distances froID tho nose measured along 
~he chord. Ordinate~ are voltles of Pi -Po 
pV' 
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Ft' lt) ~I .- Dblrihlltion or JH'Cs.-;UI'C o\' el' airfoil n at v~H'ious speeds aDd angles. Abscissae nrc distances from the nose measured nlong 
tho chord. Ordinatcs orc val lies of P-yPo 
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as ab 'ci ' 'ae Rnd the econd in which the ordrnaLc arc the same but the ab cissae are di Lances 
perpendicular to the chord. The proof of thi tatement is obvious from Figure 10. The 
curve are of course determined by the values of the ordinate at a few discrete values of the 
ab ci ae. The u ual method of finding the area is a graphical one of drawing in a faired curve 
and mea uring the area with a planimeter or by counting mall squares on coordinate paper. 
In the present ca e becau e of the large number of observations to be treated, a numerical 
method wa found more sati factory ince it wa much quicker and gave results which were 
more directly comparable. 2 
In the integration for the tangential force coefficient it wa found de irable to interpolate 
additional pres ure values at the end ince no stations could be placed close to the leading 






force factor are the ame for all airfoil but 
the tangential force factors are proportional to 
the thickness of the airfoil, those for airfoil 2 
being 1.2 time those for airfoil 1 and so on. It 
will be noted that the igns for the upper urIace 
in the case of the normal force factors and for 
the "rear of the upper urface in the ca e of the 
xL----YI----------------->o..-x t angential force factor are negative, becau e a 
dN - pdScos(}=pdx 't' . h f I 
Y dT - pdS sin (} = pdy po lIVe pres m'e actmg on toe part 0 t 1e 
F IG . 10.-Diagram showing method of computing normal aud airfoil produce negative force, the normal force 
tange nti al forces from the ohsen 'ed pressures being called posi ti ve when directed fro In the 
lower surface to the upper and the tangential force being called po itive when directed from 
leading to trailing edge. The lower surface does not contribute to the tangential force mce 
it is fla'. 
'L\BLE III 
Factors for I Factors for-
normal tangential 
Stntion force co- for ee co-efficient effi cient 
for all for airfoil 
airfoils 1 only 
1-
Interpolated stati on at leading edge ______ ______ _ _ L _ __ ___ _________________________ ___ -0. 04i6 
2____________________________ ______ -. 0119 
3___ _____________________________ ___ -.0700 
4_________________ _ _______________ -.I68~ 
5___________________ _______________ -.2'>..51 
6_____________ _____________________ -.1500 
7_ _ _ ____________________ ___________ _ - . 3264 
Interpolated station at troiling edge _____ _________ 1 8 _ _ ______ ___________________________ .0952 
9 _______ . ______ ___ __ ______ _________ _ . 0289 
10___ ______________________________ __ .1744 
11 _ _ _ _ __________________ ___ ___ ____ __ _ .2251 
12_____________ ________ _________ _ .1500 
















The yaluc of Lhe lift and drag coefficient obtained are hown in Figure 11 and 12 and in 
the table in the appendix. 
The mOn1C.'l1t about the leading edge and the positions of the center of pre ure were com-
puted by an approximate method. The approximation con isted fir t in the neglect of the 
moment of the components of the pre ure parallel to the chord and econd in the u e of fa -
tors obtained by multiplying the normal force fRctor for a given stRtion by the distance of the 
station from the no e. The errors arising from thi procedure will be eli CLl sed in the ection 
on " \.ccllracy. " 
The value of Lhe approximate moment coefficient and center of pre ure po itions are 
given in the appendix and in Figure 13 and 14_ 
, :I[any such numerical methods of integration arc clrserihed in te \ tbooks 0 11 applied mathematics. In the presen t case a curve of t he third 
degree wns passed through four adjacent poin ts, the ordinates being denoted by let ters and the numeri cal values or the abscissae in erted . 'l'h e 
area between the two inner ordin ates, the curve, and the ax is or abscissae was found by integration. _\t the r nrl interval special treatment was 
necessary and in general the proccdu re followed was to pa, a curve of the second degree through the thrcc end points and to integrate from the 
soeond point to the end of the airfoil. Irhen this procedure is carried ont and the re nits for all inten 'nls added, there resnlts a series of factors by 
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U;Fl~Et"rS OF PO '11'10 m' AIRFOIL IN AIR STREAM AND OF THE SIZE 01<' THE Am STREAM 
A Ullin bel' of auxiliary measuremenLs were made in order Lo find the ef}'crts of variations ill 
Ill e experimental conditions as regards the position of the model in the air stream and the size 
of the air stream, The complete series of tests was carried out with the center of the airfoil 
at a height of 4 inches above the plane of the orifice mouth in air streams of approximately 2 
inches in diameter. The measurements on airfoil 3 were repeated for a number of stations at 
peeds of 0.8 and 0.95 times the speed of sound at a distance of 2 inches above the plane of the 
orifice mouth. Typical curves are shown in Figure 15. It will be noted that in general the 
agreement is very good, the greatest diiIerence being neal' 0° for station 8 at 0.8 speed where 
the curves for the two heights are shifted with respect to each other. The eiIect is less marked 
for the same station at 0.95 speed. In fact the flow around airfoil 3 at 0.8 speed at negative 
angles is rather unstable and in one instance (not shown) a somewhat larger diITerence was 
found at large negative angles . In general we may say that a change in the height of the air-
foil above the orifice does not change the pressure distribution to any marked extent except in 
those cases where the flow is unstable. 
Table IV shows the good agreement between results obtained with the airfoil in its uormal 
position and tho e obtained with the airfoil reversed and turned through an equal angle in the 
opposite direction. The diiIerences are so small that they can not be readily hown on the scale 
used in Figure 15. 
TABLE IV 
AIRFOIL 3.- V/c=0.5. RA'l'ro OF PRESSURES TO VELOCITY PRESSURE, % p V' 
Station 2 Station 6 
Aoglo 
Normal 1 Reversed I_N_O_rm_a1_-1 Reverser! 






-12°"","_ .664 .676 -.514 -.517 
-8°, , ____ __ 





-0°, ______ , 
.179 .188 -.516 ' -.520 
4° _______ _ 
-.059 -.03·1 -.489 -.500 
go _______ _ 
12° , ____ , __ 
16° ____ , __ , 20° ______ __ 





















A row memlill'omenLs were made with a smaller orifice, 1.2 inches in diameter. As would 
be expected, a large eiIect was found becau e of the decrease in aspect ratio. The most striking 
feature of the results in the case of the smaller air stream was the marked drop in the values 
of the pressure dec rea e on the top surface. The pre sures on the lower surface were not affected 
as much but the relations could not be expres cd in any simple way. 
ACCURACY 
Pressure rlistrilmtion.- Thc precision of the pressure meaSllrem(',nts WeLS satisfactory as 
illustrated by the results in Table IV, the difIerences OCCUlTing between the normal and l'('versed 
po ition ' being typical of diiIerences between repeat measurement '. The operating conditions 
were very steady and required only occasional slight adjustments of the pressure. On the 
average the curves could certainly be repeated to within 1 per cent of the pipe pressure or one-
twentieth of a degree where the change with angle was very great. 
The application of the results to other conditions requires a consideration of other factors, 
the lUO t important of which is the effect of aspect ratio. This effect is a very large one, and 
experimental data are still lacking to make quantitative estimates. The information available, 
o far as the total forces are concerned, will be summarized in the section on "Discussion and 
Comparison with Earlier Work." 0 method is as yet known for computing the effect of 
aspect ratio on pressure distribution, even at ordinary wind-tunnel speeds and for larger aspect 
ratios, 
2 REPORT TATIO AL ADVISORY COMMITTEE FOR AERONAUTICS 
Integration of pressures.-A discu sion of the precision and accuracy of the lift and drag 
coefficients derived from pres ure measurement introduce everal new con iderations. It 
has been pointed out that the values would not be expected to agree with the force obtained 
by direct measurement because of the absence of the skin friction in the pre sure integration. 
This effect would be most pronounced in the drag coefficients which would accordingly be some-
what too low. In addition to this, it mu t be remembered that the pre ure di tribution wa 
taken at the mid- ection so that the results of the integration do not apply to an airfoil panning 
the stream but to a single ection only. The e two factors should be studied by making force 
mea mement on the arne airfoils, and it is hoped that this can be done at a later date. 
There still remain a final consideration, namely, a to the accuracy with which the resultanL 
action of the pressure di tribution ha been computed from the pre ure at 13 stations. It i , 
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FIG. IS.-Comparison of measurements on airfoil 3 at 2 inches (solid cur,'c) nnd 4 inches (dotted cun'e) above the plane of lhe 
orifice mouth. Numbers on cun'CS denote stalions 
of coW' e, impo ible, trictly speaking, to e timate thi accuracy without mea uring the pre me 
at a very large number of station , ~ince we have no (£ priori knowledge of the form of the pre lll'e-
distribution curve. We can therefore only expre s an opinion a to the probable accuracy. 
T o obtain a rea onable basis for thi opinion we have followed the older method of drawing in 
curves connecting the points in a reasonable way for a number of ca e , and have compared Lhe 
value of the coefficients obtained by the u e of a planimeter with tho c obtained by the nUlller-
ical method. Table V hows typical results. The average difference without regard to sign 
i 0.01, which may be taken as a measure of the precision of the normal forcc coefficients. 
The tangential force coefficients are ubject to a somewhat greater error because of the 
ab ence of tations near the leading and trailing edge. It i e timated that the yallleS given 
are within 0.03 of the value that would have been obtained if it had been po ' ible to ll se a 
larger number of tations. The comparative value arc probably correct within 0.01 to 0.02 
as judged by the moothness of the re ults . From this it follow that the drag coeffLcicnb:; Hl'(' 
correct within about the same limits. 
PHESSUHE Dl 'TR18 TIOX O\'gR AlRFOILS AT HIGH SPEEDS 29 
Thc momcnt, coeffi.cicnt werc computed by an approxinlatc meLhod described in Lhc 
section on integraLion of prc surcs. The exact mcthod wa us d for a few casc and found to 
giyc mOll1cnL coefficient values difl'ering by 0.007 from the approximate ,-alue , and cenLer oC 
pressure po itions (in thc flaLter portions of the curve) differing by 0.03. It wa not believed 
profitable to carry th rough the exact computfiLion in all ca es becau e the time required would 
have been very great and thc chief interest i in relative rather than absolute values. 
TABLE V 
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OB ERVATIO S OF FLOW EAR THE AIRFOILS 
A des 'l'ipLioll wa. givcll ill HepoJ'L 0.207 of Lil(' aLio ll al Adviso ry COll.lluiLLcc for Ael'o-
LlauLics o/' Lhe belu1Yoir of fi ll oil film on the su ri'aec or flll airfoil fit high spercls. Some addi-
lional ob~;cl'vaLio ll s werc nlltde nL I ~dg('\\'ood !tlld Figurcs JG Bild 17 illu sLralc Lhc Lypc of palterJl 
FIG . 16.-0il flow pattern 00 the upper surface of airfoil I at 0° angle of attack, 17c=1.08. The flow of the air stream is toward tbe top of the 
page. Note the separation from the surface shown by tbe ridge of stationary oil at about OA3 the chord length from the leading edge. The 
diameter of tbe orifice i twice the chord lengtb of tbe airfoil 
formed. The technique of observing flow near a urface by oil films has been developed at 
McCook Field find c1 ell-he]'e. Thr photograph in Figure 16 how a.film of oil and lampblack 
on the upper , lIl'face of airfoil 1 at 0° to the wind at fi pecd of 1.0 times thr . pced of ound. 
Figure 17 shows airfoil 6 under the ame condition. The flow oYrr the greater part of the 
upper surffice i in a direction oppo ite to the general direction of the tream and the ail' moycs 
00' in the familiar tip e idie who e trace are hown at thc boundary of the air tream. It 
appears that the region of low pre lJre j broken down by a flow about thc trailing cdge from 
the lower urIace and that there i a separation of the main tream from the upper surfacc. 
Time was not available to study thi phenomenon in detail at Edgewood, but further 
observaLions of a ,imilar qualitatiyc nature were made in It 1.2-inch jet at the Bureau of tand-
30 REPORT ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
ards at a speed of 0.65 times the peed of onnd. It appears that flow around the trailing edge 
does not occur in all ea es, but that there may he a region of reverse flow and eddy formation 
over a limited area on the upper surface. In the ca e of the thin airfoils the disturbance begins 
as the angle to the wind is increased, in the region just behind the maximum ordinate, whereas 
with the thicke t airfoil of 0.20 camber ratio it begins at the trailing edge. With the airfoil of 
O.IS camber ratio the di turbance begin nearly imultancously at both places. 
Flow of oil mixtures of this type depend on gravity, viscosity, surface tension, adhesion, 
and other factors and thc question was rai ed a to whether the oil flow corresponded to the ail' 
flow or merely Lo differences in pressure. An attempt was made to answer this by feeding threads 
through the tubing inserted in the airfoil 0 as to project from the airfoil through thc pressure 
hole. (The threads were readily drawn through by a suction pump.) The thread indicated 
the same direction of flow as the oil on the surface. A a further check, a mali exploring tube 
with projectino- thread was constructed Lo explore the regions at greater distances from the 
airfoil. It wa found that the pre ence of the exploring tube changed the oil flow to some extent. 
J everthele s it appeared that the layer of revcr e flow i extremely thin at its initial appearance 
but become thicker as the angle is increased until it is a millimeter or more in thickne s. 
FIG. J7.-0il flow pattern on the upper surface of airfoil 6 at O· angle of attack, 1'/c=1.08. 'rhe flow of the air stream is toward tbe lop of the 
page. Note tbe separation from tbe surface sbown by the ridge of stationary oil at about 0.29 the chord length from the leading edge. Tbe 
diameter of the orifice is twice the chord lellgth of the airfoil 
A change in flow thu begin in a fairly udden manner in the boundary layer on the upper 
urface immediately behind the mal\.'imum ordinate for thin airfoils at the lower speeds, and at 
the trailing edge for thick airfoils at the lower speeds. At the lower speeds the change takes 
place at comparatively large angles and is analagous to the well known burble point. At the 
higher speeds the change takes place at small angles and is accompanied by a rapid decrease in 
lift coefficient and increase in drag coefficient. 
At V/e= LOS tanding compressional waves (bow waves) were observed at a distance of 
about 0.5 inch in front of the leading edge of the airfoils. 
DISCUSSION AND COMPARISON WITH EARLIER WORK 
A careful inspection of the pressure distribution curves, Figures 4 to 9, shows the existence 
of regions characteri tic of flow of the type de cribed in which there i a separation from the 
surface. For example in Figure 6 for au-foil 3 the di tribution over the upper surface for a speed 
of 0.5e at 24°, shows a harply defined peak followed by a region of nearly constant decrease in 
pre sure such as is found in the case of a cylinder or phere where the fiow breaks away from the 
surface. A similar di tribution may be observed at 0.65e at 20° and 24°, O.Se at 16°, 20°, and 
24°, 0.95e at 4°, So, 12°, 16°,20°, and 24°, and 1.0 e at all po itive angles. In fact it i po sible 
to trace a rough locus of peeds and angles at which the change takes place. The steps in speed 
and in angles are unfortunately so far apart that the exact position can not be plotted, but it 
PRESSURE DI TRIBUTION OVER AIRFOILS AT HIGH PEEDS 31 
may be seen that for thick airfoil at a given peed the break OCCllI'S at lower angles and at a 
given angle at lower speeds than for the thin airfoils. The location of the change in flow is 
facilitated by the fact that for the burbling type of flow the pressure at the trailing edge is lower 
than the static pressure whereas for the smooth high lift type it is higher than the static pressure. 
It must be remembered that no trace of the break can be detected in the pre sure dis-
tribution until the flow is changed at one of the station at which observation were made, 
so that the break in the pressure rlistribu tion a given appears less harp than it reaUy is. H 
eems evident, from the visual ob ervation of the oil flow, that the change in flow takes place 
suddenly, but that it i confined to a small area at fir t and spread rapidly a the peed or 
angle is increased. The evidence of begilUling in a small region ncar the maximum ordinate 
in the ca e of the thin airfoils is not entirely clear from the pre ure di tribution curves alone, 
although indication may be observed, especially in the ca e of airfoil 4. In the case of airfoil 
1 between 16° and 20° the oil flow experiments how that the reverse flow begin and spread 
beyond the la t statiun for pressure mea urements, so that only in exceptional cases can the 
origin be traced on pres ure di tribu tions taken at in tervals of 4 0. The spreading i even more 
rapid for airfoil 6. 
These rapid change of flow are reflected in the lift coefficient curves (fig. 11) with a till 
greater reduction in the sharpne~ s of the break. The udden burble point are very noticeable 
in most ca es for speed of 0.5c and 0.6.5c. For the thin airfoil there i a rapid change in the 
lift coefficient with speed between o. c and 0.95c for all the lower angles. Similar change 
OCCRr between 0.65c and o. c for the thick airfoils. 
These curve_ gi\Te in a more sy tematic manner Lhan wa possible in Report No. 207 the 
variation of lift coefficient with speed at all angles from - 20° to + 24 0 . The same hift of 
the angle of no lift first to high negative angles and then Lo 0° or a sDJall po itiYe angle is sho\\"n 
in more detail. The increase in lift coefficient at large negaLive angles, followed by a rapid 
decrease a the peed is increased, is traced to negative lift coefficients. The changes between 
0.5 and 1.0 times the speed of sound incr~ase with increasing thickness, and there is every 
rea on to believe that the same deerea e may be expected for airfoils of maIler camber than 
0.10 at higher speeds. The minima in all curve at high speed and in the curve for the thicker 
airfoil at low peeds are a ociated with the large suction on the lower surface near the leading 
edge which develops near 0°. It is probable that this effect would not be pre ent with a more 
rounded leading edge or on a doubly cambered ection. 
A comparison of the lift coefficient eurvcs with tho e given in Heport 207 will how thnt the 
Edgewood values arc lower, as would be expecLed from the lower a peeL ratios. The results 
can not be directly compared, since the Edgewood values apply only Lo the mid-section, and 
the form of the lift di tribution curve along the span i not known [or the e peeds. 
The rapid change in the lift coefficient in the Edgewood experiments occurred at a value 
of Vic about 10 per cent greater than at Lynn. The chord length used at Edgewood was one-
third that u cd in the Lynn measurement. Therefore the Reynolds umber at which the 
rapid change in the lift coefficient took place at Edgewood was only about one-third that at 
Lynn. The change in the lift coefficient appear therefore to be much more definitely associaled 
with Vic than with p VlljJ.. In other words, the compres ibility effect is predominant. 
There are two possible explanations for the somewhat larger value of Vic at which the 
rapid change in the lift coefficient occurred in the Edgewood experiment. First, the Reynold 
Number may still have some effect. econd, a possible aspect ratio effect. For example, 
photograph taken in the] .2-ineh jet indicate that the change in flow takes place at a. greater 
angle of attack than in the 2-inch jet for airfoil 6 and at approximately the same angle for 
airfoil 1. 1[oreo"or at ordinary wind tunnel peeds the burble point oecllrs at a greater angle 
of attack for the smaller a pect ratio. Hence it i possible that the exact angles and peeels at 
which a change in flow takes place vary wiLh the a peet ratio. 
"When we come to drag coefficients there i a somewhat different taLe of afrairs. We should 
expect the drag coefficient computed from the pressure integration to be lower than the true 
drag coefficient because of skin friction. We might al 0 expect the coefficient for a section near 
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the center to be somewhat lower than the anrao-e for the whole eetion. Hence it i probable 
that the total drag coefficient for the whole ection is greater by ome unknown amount than 
that computed from the pressure di tribution. However, the values computed from the pre -
sure integration at Edgewood arc very much higher than those obtained at Lynn at angle 
near 0°. 'IVe should expect the drag coefficient for the whole section to be somewhat higher 
than the Lynn value owing to the smaller a peet ratio, but the difference is too great to be 
attributed entirely to an aspect ratio errect. It sepms highly probable that there is a compara-
tively large cffect of Reynolds umb r on drag coefficient even at the e hio-h peeds. We hop 
lo obtain more defmite information on thi point in later te t . 
The drag co fRcient CUITe given in Report 207, Figure 16 Lo 21, how a rapid ri in 
coefficient for angle near 0°, a , for example, Figure 21 for airfoi l 6. The maximum speed 
reached in mo t cases were between O. and 0.05 the speed' of ou nd . The Edgewood Lest 
(rig. 12) show that thi rapid increase is followed by a reO'ion of nearly con tant coefficient, and 
in fact t here i .'ome indication of thi in a few ob el'vations in Report 207. In other words, th 
d rag curves arc [>robably omewhat similar to the wcll-known Oavrc CU ITe for projectiles. 
The center of pre w'e CUl"ve (fig. 14) give a more detailed picture of the backward motion 
at the usual working angles. The e requil' little di cussion, since they merely reflect the more 
even eli tribution of load at the higher peed. The behavior at negative angle corre pond 
to the zero lift position, of which there ar three in some ca e . 
The moment curve (fig. 13) how that the effect of the reduction in force coefficient i 
greater than the backward motion of the center of pres ure, 0 that the moment coefficieat i 
in gencral reduced by increase in peed at a con tant angle. 
Thrre rcmains for di cussion but one ob CITed fact which i. not repre ented in the coc rTi-
cient curves. The Hctual value 0[' the maxim lim decrea e in f"lre sure on the upper surflle e 
srellls limited, the average ob e[' ved maximulll value for all sp ed greater than 0.5 the speed 
of ouna and for all airfoil being approximately 32 cm. of IIg. The large tingle vallie or 
Po - P ob erved wa 37 C111. Hg. or p/Po = 0.51. Thi ratio i not far from the critical ratio for 
air, namely 0.53, and thi observation uggest that in an airstream in which the flow b y 
the law of Bernouilli the pre ure can not decrea e indefinitely but reaches a limi t a oon a 
the ratio of the pre ure to the tatic pre sure at a large di tance in front of the body causing 
the pre sure change reache the critical value of 0.53. Lower pre ure may be produced in 
"dead air" . paces whcre the fl ow leaye the urface of the body a on the lower urface of the 
nirfoils I1c ar the leading cdgc. In lhis ca. (' thc pres. urc dC('J"eftscd lo nbouL one-fourth of lilt, 
It lillospilcrie pre~su re. 
CO CL SIO 
The change in the aerodynamic characteri tic of airfoil at high peee!' ha ve been tudiee! 
in detail by mean of pre ure distribution measmement and a more exten ive and more sy -
tematic erie of observation ha been de cribed. The conelu ion of Report No. 207 have 
been verifi d and extended to higher speed. Ob ervation have been made of the air flow near 
the surface and correlated with the force mea urement. Large change have been hown to be 
as ociated with the udden breaking away of the flow from the upper urface. 
It ha been hown that the variation in lift coefficients is due very largely to 11 compre i-
bility efIect, although the additional effect of vi co ity can apparently still be traced in the drag 
coefficien t . 
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PRE SURE DISTRIBUTION OVER AIRFOILS AT HIGH SPEEDS 
OBSERVED VALUES OF P-P o, AIRFOIL 1 q 
V/c=O.50 
A ngle of attack 
-12° _8° 0° 
-------- ----
I 40 8° ~1 __ 16_0_r~~ 
1. _____ _ 
2 ______ _ 
L _____ _ 
L_ . ___ _ 
0 __ • ___ _ 
6 ______ _ 
7 ______ _ 
8 _______ \ 
9 ______ _ 
10 _______ , ll ______ _ 
12 ______ _ 
13 __ . ___ _ 
1. _____ _ 
2 ______ _ 
3 ______ _ 
4 ______ _ 
5 _____ _ 
6 _____ _ 
f ______ _ 
9 ______ _ 
10 ______ _ 
1 
(1==::=:=, 13 ______ _ 
-----
L _____ _ 
2 ______ _ 
3 ______ _ 
4. _____ _ 
5 ______ _ 
6 ______ _ 
7. _____ _ 
9 ____ __ _ 
10 ______ _ 
11. _____ _ 
12 ______ _ 
13 ______ _ 
1.. ___ J 
2 ______ .. 
3 ______ _ 
4 _______ 1 
5 _______ 1 
~::::: ::I 
9 ______ _ 
10 ______ _ 
11 ______ _ 
12 __ . ___ _ 
13 ______ _ 
1;-------\ 
I ~:::::::I 0 ______ _ 6 ______ _ 
7 _____ _ _ 
9 ______ _ 
10 ______ _ 
11 ______ _ 
12 _______ : 






































































































































. II -.063 
-.205 -.33 
-.366 -.441 
- .3-56 -.37 




- .259 -.279 
















































- . 37 1 














































































































- . 515 
-.5" 
- .423 
























































- .33 1 
-.242 
-.630 





~J~ -~:W ~:~~ =::~~~ =~:~~g -~:: 
- .771 -I. 052 - I. :125 - I. 540 - I. 7 4 - . !i7!i 
-.662 -.79 - .9 5 -I. 045 -.958 - . 5;ill 
-.469 - .497 -.464 - .472 - .44:; -.528 
- .34(; -.321 -.:106 -.27:1 -.217 -. 44G 
-. 149 -. 114 -. 080 -. 044 -.000 -.23:1 
-.12 .183 . 3JS:1 .576 .7;ill .798 
.024 . 1 5 .323 .479 .614 .672 
. 040 . 133 . 230 . 349 . 454 . 508 
.036 . 0 . 149 .222 .290 .335 
. 051 .02 .116 .158 .206 .232 



























































































- . 931 



































































- . 596 
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34 REPORT NATIONAL ADVI 'ORY COMMTTTEE FOR AERONAUTICS 
OBSERVED VALUES OF 1)~Po, AIRFOIL 2 
V/c=0.50 
Angle of attack 
Station 
____ .. __ -_20_o ·~ ~1_-_O_~I~-'--4-0 ___ 8_0 ___ 12" __ ~'~I~ 
L ..... . 
2 ..... _. 
3 .. __ .. . 
4 ••.•••• 
5. __ .... 
(j ----.-
7. ..... . 
8 ...... . 
9 ......• 
10 ......• 






























































































1. Q56 1. 0*4 0.917 0.857 O. HH 0.558 0.275 -0. lOll -0.528 1 -1. 025 -0." 
./36 . ~9 .402 .24.5 .002 - . 264 -.539 -1. 025 -1. 487 -1. 910 -./99 
.254 .054 -.151 -.311 -.554 - . 06 -1.099 -1.412 -1.704 -1.884 -.356 
-.049 -.208 -.358 -.499 -.62\1 -.755 -.8 I -1.056 -1. 0 -1.305 -.360 
-.233 -.308 -.3 0 -.43H -.48:1 - . 534 -.573 -.4 9 -.510 -.472 -.407 
-.359 -.394 -. 116 -.431 -. ·131 -.42!l - . 395 -.373 -.325 - . 249 -.473 
-.320 - .320 -.306 -.3 10 -.234 -.1i9 -.140 - .09'J -.034 .012 -.352 
-.285 -.310 -.311 - .144 -.679 -.403 . 19 .311 .. 553 .71i .776 
-.2!l7 -.322 -.357 -.462 -.620 .006 .140 .2 '1 .447 .586 .647 
-.33 1 -.359 -.378 -.447 -.330 .033 .124 .224 .339 .449 .498 
-.342 -.364 -.314 -.31 .017 .037 . OSB .143 .209 .283 .318 
-.32-1 - . 327 -.294 -. 127 .0.,\ . 049 .075 .114 .155 .200 .209 
-.249 -.219 -.118 .071 .109 .099 .100 .114 .122 .132 .061 
V/c=O.65 
1.108 I. 0.,7 0.989 0.912 O. 07 0.662 0.453 0.195 \-0.121 -0.279 1-0. 509 
.777 .634 .460 .303 .125 -.1I3 -.393 -.666 - . 91 -.712 -.663 
.285 .095 -.105 -.291 
- .485 -.7.15 
-1.07 -1.3 -1.447 -.396 -.3H5 
-.041 -.200 -.365 -.482 
-.611 -.792 
-.94 -1. 214 I-I. 275 -.394 -.362 
-.2·16 -.353 -.403 -.432 
-.4'>8 -.569 
-.423 -.430 -.472 -.416 -.453 




-.099 -.049 -.029 -.360 -.31 
-.263 -.290 
-.320 -.428 
-.623 -.546 .076 .343 . 529 .671 807 
-.275 -.312 
-.355 -.43H -.579 - 120 .128 .27 .437 . 539 .671 
-.301 -.324 
-.352 -.423 
-.3\16 .012 .130 .235 .34-1 .419 .53·1 
-.31 -.342 






.069 .066 .080 .120 .157 .175 .231 
-.238 -.213 
-.131 .064 .127 .112 .107 .109 .102 .044 .076 
V/c=0.80 
1.11 I 1.107 I 1. 055 0.981 I 0.910 0.796 0.651 I 0.468 0.254 I 0.022 I -0.246 .852 .717 .574 .421 .274 .103 -.070 -.294 -.479 - .566 -.579 
.360 .1&1 -.0\ -.209 -.392 -.612 - ·\0 -.988 -.729 - .397 -.40\ 
.002 -.181 
-.337 -.516 
-.694 -.835 -.950 - 4 - . 583 -.376 -.315 
-.246 -.355 -.444 -.510 
-.617 -.742 -.758 - . 546 -.493 -.40.5 - . 3.12 
-.468 -.517 
-.530 -.517 -.414 -.386 -.297 -.323 
- 3 - .439 - . 407 
-.470 -.462 .... 390 
-.28.5 -.159 -.073 - . 050 -.119 -:295 - .303 
-.288 
-.226 -.257 
- . 308 -.424 
-.654 - . 643 -.037 .33H .522 .701 .83H 
- . 230 - .270 
-.321 -.435 









-.33H -.336 -.04 .063 .087 .159 .207 .286 .370 
-.256 -.276 
-.268 -.163 .053 .069 .071 .09-1 .132 .184 .24 
-.214 -.195 
-.135 .030 .128 .102 .067 .042 .041 .053 
V/c=0.9S 
I. 233 1. 194 1. 133 1. 074 1. 003 0.925 O. 18 0.676 0.49 0.272 0.035 
.93H 24 .686 .552 .431 .314 .179 .011 -.194 -.416 -.445 
.456 :290 .127 -.041 
-.193 -.357 -.5ll -.575 -.371 - .284 -.256 
.106 -.040 
-.206 -.359 -.493 -.641 -.683 - . 632 -.495 -.399 -.335 
-.204 -.367 -.516 -.620 -.591 -.534 -.432 -.3H9 -.3H9 -.342 -.287 
-.445 -.51 
-.576 -.517 -.439 -.363 -.377 -.3H4 -.396 -.383 -.309 
-.419 -.4 -.371 -.241 -.192 -.241 -.304 -.345 -.350 -.330 -.264 
-.2·14 -.257 -.274 -.414 -I. 030 -.864 -.496 .2!l9 .531 .711 77 
-.243 -.260 
-.296 -.415 
-.783 -.566 .082 .274 .440 .601 .746 
-.2f>6 -.282 -.304 
- 9 -.618 -.316 . liS .220 . 351 .475 .610 
-.281 -.305 -.327 -.21.'i 
.015 .068 .056 .121 .208 .300 . 393 
-.270 -.272 
-.279 -.259 .077 .020 .027 .065 .119 .183 .258 
-.221 -.223 




1..·····1 1. 286 1.271 1. 245 I 1.205 I 1.14 1. 075 0.995 0.906 0.792 0.637 0.456 0.240 2 . .....• 1.102 1.020 .906 .784 .670 .559 .452 . 336 . 204 .021 -.183 -.339 3 ....... .698 . 564 .427 .27 .13 .003 -.163 -.286 -.3H9 -.524 -.602 -.229 4 •...... .362 .233 .09., -.053 -.10 
-.307 - .436 -.434 -.352 -.433 -.358 - .24 5 .••.... - . 007 -.144 -.272 
-.384 -.423 
-.429 - . 444 -.360 -.351 -.330 -.368 -.274 6._ ..•.. , -.326 -.419 -.427 
-.355 -.299 -.29 - . 297 
-.314 -.331 -.328 -.306 -.281 7._ ..•.. , -.328 -.346 -.317 
-.237 -.228 
-.250 -.281 -.305 -.330 -.325 -.282 -.260 
8 ....•.. -.230 - . 257 -.277 
-.3H7 - 66 -.756 -.602 -.379 .329 .568 .741 94 9 ..... .. -.234 
-.258 -.282 -.400 -.721 
-.563 -.366 -.079 .311 .477 . 632 .774 10._ ..... , -.204 
- . 285 -.303 -.403 -.626 - . 453 -.254 
I 
.027 .232 . 379 .507 .628 it:::::~ -.261 -.277 -.298 - .37 -.583 -.432 - .254 -.068 .090 .205 . 303 . 411 -.245 -.260 -.258 -.295 -.154 -.102 - . 140 .009 -.007 .070 .155 . 24 
-.200 - . 217 -.221 
- . 208 -.037 .079 .152 .062 -.011 -.003 . 033 .085 
----
Station 
L _____ _ 
2 ____ __ _ 
3 __ __ __ _ 
L ____ _ _ 
5 _____ _ _ 
6 _____ _ _ 
7 __ ____ _ 
R ____ __ _ 
Q-- --- --10 ______ _ 
It ______ _ 
12 ______ _ 
13 ______ _ 
I ~ - -- -- --1 
3 __ ____ _ 
4 _______ 1 
5 _______ ; 
6 ______ _ 
7 _____ __ 1 
8 ______ _ 
9 _____ __ 1 
10 _______ , 
11- _____ _ 
1 
12 ______ _ 
13 _____ _ _ 
~ - --- - -- I 3 __ ____ _ 
4- ____ __ 1 
5 __ ____ _ 
6 __ ___ __ 1 
7 ______ _ 
8 ____ __ _ 
9 ___ __ _ _ 
10 __ ____ _ 
11 _____ _ _ 
12 __ ___ _ _ 
13.. __ ___ 1 
1 ______ _ 
2 ___ ___ _ 
3 ______ _ 
4 ___ ___ _ 
5 _____ __ : 
6 ______ _ 
7 ______ _ 
9 ___ ___ _ 
10 ______ _ 
lJ ___ ___ _ 
12 __ __ ___ , 
13 ______ _ 
1 ______ _ 
2 ______ _ 
3 ______ _ 
4 __ ____ _ 
5 ___ __ _ _ 
6 __ ____ _ 
7 ______ _ 
8 ______ _ 
9 ______ _ 
10 ______ _ 
11. _____ _ 
12 __ ____ _ 







































- . 232 



























PRESSURE DISTRIBUTION OVER AIRFOILS AT HIGII SPEEDS 
P-p. OBSERVED VALUES OF -q- ' AIRFOIL 3 
V/c=O .50 
A ngle of attack 
-16~ -12° - ° I _4° 0° 4° I 8° 12° 1 16° . 20° I 24° 
~~~~ 0.801 ~I--;;:-:-~ -0.292 -0.707 -0.461 
.794 .664 .514 . 353 . 179 -.059 -.363 -.721 -1. 107 -1. 502 -.673 
. '127 . 033 -.168 -.369 -.611 - 91 -1.195 -1. 510 -1. 756 -1. 73 -. ~25 
-.097 -.250 -.408 -. 55 1 -.69:3 -.990 -1.172 -1.420 - 1.630 -.272 
- .320 -.408 -.468 -. 527 - . 579 - . 640 -.715 -.566 - .571 -.532 -.385 
-.4 1 - . .'H4 - . 525 -.510 - .516 -.4 9 -.469 -.440 -.379 -.272 -.464 
-. 3H -.3 5 -.39-1 -.308 -.163 -.142 -.102 -.050 .003 . 02b -.322 
- .25 - . 274 -.302 -.396 -.O:lO -.562 .001 .2.;0 .470 .644 .712 
-.289 -.303 - . 334 -.441 -.651 -. 123 . 138 .2f>3 .424 .571 .035 
-.307 -.323 -.347 -.431 -.378 .016 .164 .264 .316 . 42~ .4 2 
- . 334 -.344 -.365 - . 344 -.001 .038 . 08ll .140 .207 .279 .317 
-.319 -.321 -.297 - . 155 .059 .056 .0 1 . 1I4 .154 . 199 .204 









- . 270 
-.290 
-.3OS 








































































- . 556 
-.402 


































- . 007 
-.347 


















- . 317 
-.321 
-.301 

















- . 537 
-.550 
- . 528 
-.217 





































- . 285 
-.229 
-.790 





































- . 534 


































































































































- 1. 2ii 
-.510 
-.349 






















- . 522 







































































































- . 296 
-.~Ol 
-.332 













- . 301 










- . 3l<4 
- . 427 
-.467 









- . :1.15 
-.311 












- . 279 










- . 274 
-.223 
-.236 










36 REPORT NATIONAL ADVI ORY COMMITTEE FOR AERO AU TICS 
OB ERVED VAL ES OF P-Po AIRFOIL 4 q , 
Station 
____ ~~I~ ___ ~ 






9 _____ _ 
10 ______ _ 















11. I L~~:::I 13 _______ 
1 ___ _ 
2 _____ _ 
:L ____ _ 
4 ______ _ 
5 ______ _ 
6 ______ _ 
7 ______ _ 
8 __ _____ I 
9 ______ _ 
10 ______ _ 
1L ____ _ 
12 ______ _ 
13 --- ___ I 
'-L ____  2 ______ _ 
3 __ ___ _ _ 
4 ______ _ 
5 ______ _ 
6 ______ _ 
7 ______ _ 
9 ______ _ 
10 ______ _ 
1L _____ _ 
12 _____ _ 
13 ______ _ 
r-
L _____ _ 
2 ______ _ 
3 _____ _ 
4 ____ _ 
5 _____ _ 
6 _____ _ 
f ____ __ _ 
9 ____ _ 
10 
12 _____ _ 











- . 312 
- . 301 

































- . 310 
- . 230 
-.244 
-.250 














































- . 347 




- . 263 
-.279 





































- . 2!\(1 
-.310 
-.29·1 





















































































- . 33 
-.299 
-.301 
- . 327 







- .41 7 





- . 333 
-.323 
- . 256 I 


















































































































































































































- 1. 203 
- 1.1 :15 




















































- . 322 

































· I Ii 









































































. 3 4 






















- . 297 
















































- . 366 
- . 340 
























































































PRESSURE DISTRIBUTION OVER AIRFOILS AT HIGH SPEEDS 37 
OBSERVED VALUES OF p-p. AIRFOIL 5 ---, q 
V/c=O.50 
A nglc of attack 
Station 
_16° _ 12° I _8° _20° _4° 0° 4° 12° 
--------- ------
16° 20° 24° 
------
1 _______ I. 051 I. 049 I. 032 0. 99 0.936 O. 64 0.746 0.566 0.336 0.045 -0.275 -0.141 2 ____ ___ 
.904 . 809 . 683 .539 .380 .208 . 018 -.237 -.551 -.863 -.457 -.496 
3 _______ 
.400 . 212 .004 -.214 -.435 -.658 -.919 -I. 225 . -I. 565 
4 _______ 
-.067 -.258 - .444 -.628 - . 797 -.965 -1.132 -I. 27 -I. 397 
-1.9 12 {-2.1 1 } -.313 
-.468 
-1.534 -I. 718 -.309 5 _______ 
- . 393 -.497 -.588 -.663 - .710 -. 754 -.817 -.932 -.651 -.676 -.658 - . 344 6 _______ 
- . t87 -.640 - . 67 1 -.662 - . 642 -.641 -.622 -.523 - . 468 -.345 -.468 -.436 7 _______ 
-.473 -.517 -.54 1 -.530 - . 271 -. 136 -.083 - . 021 .020 .031 - . 054 -.323 8 _______ 
-.252 -. 200 -.266 -.278 -.341 -.530 -.7OS - . 379 .140 .4 13 .603 .686 9 _______ 
- . 250 -.269 -.273 -.292 - .376 - .605 -.382 . 119 .240 .366 .523 .59 10_ . _____ 
-.273 -.282 -.285 -.315 -.386 -.491 -.040 .071 . 173 .279 .387 .44 11. ______ 
-.301 -.309 -.317 - . 336 -.357 -. 179 .041 .070 . 125 . 189 .259 .291 12 _______ 
-.295 -.3OS -.310 -.306 -.238 .056 . 055 . 062 . 092 .131 .168 .170 13 _____ __ 
-.224 - . 223 -.203 -.139 . 000 . If>! . 119 .103 · Hl3 .103 . 099 .021 
V/c=0.65 
1. ______ 1.098 I. 094 1. 076 I. 040 1.002 0.938 
I 2 _______ .954 .866 .756 . 632 .501 .365 3 _____ __ .452 .279 .087 -.105 -.304 -. 492 
0. 844 0.711 0.538 0.349 0.133 -0.113 
.196 -.012 -.214 -.259 -.404 -.610 
-. 747 -1.047 - 1.320 - 92 -.683 -.564 L ______ 
- .041 -.227 -. 426 -.608 -.769 -.910 -I. 127 - 1. 321 -1.345 -. 407 - . 350 -.31 5 _______ 
- .416 -.524 -.626 - . 686 -.737 -.814 -.861 -.736 -.680 -.377 -.371 - . 368 6 _____ __ 
- . 653 -.712 -.734 -.722 -.705 -.601 -.507 -.432 -.307 -.466 -.445 - .435 7 ____ ___ 
-.561 -.604 - . 612 - .446 -.247 -.OS5 -. 110 .022 -. 01 -.347 -.329 -.330 
- --- ---
- . 226 -. 243 - . 240 -. 263 -.342 -.518 -.666 -.426 . 136 .325 · [>47 .727 9 _______ 
-.231 -.246 -.248 - . 278 -.380 -.534 - .495 .0.19 .260 .384 · .119 .665 10 ___ ____ 
-.24 -.263 -.269 - .292 -.370 -.462 - .176 .076 . 182 .255 .372 .495 11. ______ 
- . 276 -.294 -.301 -.320 - . 352 -.215 .046 .686 · 13~ .1 4 .240 .321 12 _____ __ 
-.268 -.293 -.300 -.297 -.234 .02"2 .075 .074 .093 .066 .128 . 195 13. ____ __ 
-.215 -.220 - . 20 -.156 -.006 . lSI .125 . 102 .074 -.030 -. 00-1 .038 
-------- --- --- -- - -
V/c= O.80 
L __ ____ I 1.166 1. 157 1.139 1.113 1.071 1.020 0.956 0.856 0.729 0.573 0.385 0.176 2 ______ _ 1. 036 .945 .855 .743 .625 .516 . 401 .268 . 117 - .041 - .201 -.352 3 _______ 
. 564 .395 .229 . 049 -.129 -.305 -. 476 - . 647 -.690 -. 624 -.387 -.403 4. _____ _ 
.068 - . 115 -.29 -.508 -.697 - 41 
I} =:: - . 859 -.557 -.601 -.456 -.340 5 ____ ___ -.323 - . 44 -.643 -.803 -.901 { - : 897 -.516 -. 428 - . 399 - . 376 -.339 - . 786 6 _______ 
-.594 -.702 -.738 - . 752 -.648 I -.480 -.390 -. 406 -.424 -. 419 -.4OS -.366 7 _______ 
-.564 -.606 -.571 -. 468 -.212 -.12: - . 200 -.280 -.344 -.358 - .324 -.298 
8 _______ 
-.168 -.191 -.212 -.249 -.347 { -.571 } -.816 -.654 -.lll .326 . 574 . 763 
-.672 
9 _______ 
-.202 - .214 -.235 - . 268 -.376 -.577 } -.625 -.187 .249 .390 .551 . 703 
-.625 10 ___ ____ 
-.222 -.234 - . 251 -.281 -.373 -.496 -.310 .027 . 149 .270 .395 . S20 
11 _______ 1 -.235 -.250 -.288 -.310 -.353 -.289 .000 .0;;9 · lOS . 1 3 .260 .352 
12 __ _____ 
-. 190 -.219 -.243 -.252 -.230 { -.034 I} . 028 . 022 .039 . OS7 · 149 .215 .018 13 _______ 
-. 11 -.19 -.197 -. 156 -. 049 .046 . o Iii -.v 1 ~ - . 036 -.020 .018 .060 
V/c=0. 95 
1. ____ __ I. 234 1.229 I 1. 216 1.192 I LIM 1. lOS 1. 041 0.972 0.880 0.736 0.577 0.383 2 _____ __ I. 112 1. 046 .963 .861 .761 .659 .561 .44 .327 .184 .025 -.177 3 ____ __ _ 
.683 .538 .382 . 225 . Oil -.OSO -.228 -.360 -.477 -.518 -.459 -.391 4. ______ 
. 194 .032 -. 129 -.304 -.435 -.534 -.566 -.51 -.46 -.610 -.620 -.368 5 _______ 
- . 265 -.4 14 -.504 - .587 - . 552 -.,111 -.457 -.362 -.327 -.316 - .292 - . 253 6 ___ ____ 
-.535 -.542 -.524 -.475 -.346 -.312 -.340 -.358 -.364 -.358 - . 331 - . 287 7. ______ 
- .4 11 -.392 -.363 -. 328 -. 256 -.282 -.320 - .353 -.362 -. 351 - .296 -.253 8 ____ ___ 
- .229 -.24 -.277 -.332 -.431 -l.OR4 -.960 -.799 -.342 . 373 · ,192 .79 9 _______ 
-.228 - . 249 -.270 - . 326 -.443 - . 993 -.776 -. 4.1.1 .220 . 393 
· S66 .732 10 _______ 
-.241 -.264 -. 289 -.332 -.439 - .651 
I 
-. 4 .067 . 154 . 286 .423 .558 11 ___ ____ 
1 
-.267 -.286 -.308 -.340 
1 
-.4Jl -.122 .073 .061 .102 . 180 .269 .371 12 ___ __ __ 
-.264 -.279 
I 
- . 297 -.332 -.362 .006 .056 . 024 .039 .086 . 154 
I 
.234 13 _______ 
-.214 -.231 -. 246 - . 249 -.223 - .056 -. 020 -. 02., -.012 .014 .049 .086 
I 
V/c=J. OS 
L ______ 1.284 1. 282 1. 270 J. 241 1.200 I 1. 162 1.098 1.027 0.944 0.826 0.688 0.515 2 _______ J. 165 1.091 1. 012 .924 .837 .747 .656 .552 .448 .327 .12 .008 
3 _______ 1 
.755 .626 .490 .356 .215 .083 -.050 -.325 -.282 -.4 13 -.466 -.491 4. ______ 
.303 .164 .013 -.130 -.246 -.351 -. 404 -. 415 -.325 - . 295 - . 264 -.228 5 _____ __ 
-. 159 -.277 -.409 -.425 -.356 - . 339 - . 336 -.312 -.299 -.287 -.262 -.242 6 ___ ____ , 
-.348 -.319 -.332 -.293 -. 254 -.270 - . 302 -.321 -.315 - . 303 -.290 -.269 7. ___ ___ , 
-.366 -.329 -.326 -.269 - . 246 - . 282 - . 294 -.314 -.291 -.276 - . 24-1 -.212 
- --- ---
-.233 -.254 -.274 -.298 -.885 - 21 -.704 -.558 -.352 .340 .614 .824 9 __ ___ __ 
-.236 - .254 - .273 - .303 -.844 -.726 -.558 -.339 .241 .436 .598 .760 10 __ _____ , 
-.249 -.269 -.289 -.325 -.735 - 4 -.399 - .144 .156 .305 .454 .588 
I g::::::: -.274 -.293 -.307 - .335 -.60-1 -.536 -.368 -.180 .041 .159 .270 .373 -.270 -.290 -.299 - . 350 -.226 
I 
- . 156 -.123 I .017 .005 .030 .125 .220 . 13_. _____ -.215 -.242 -.264 - . 270 - . 07 .044 .143 . III .028 . 020 .048 .090 
3 REPORT NATIO AL ADVJSORY COMMITTEE FOR AERONAUTICS 
OBSERVED VALUE OF P-P. AIRFOIL G q , 
Station 
L . ..... I~~~I 
2. . .... .926 .835 .71 
3.. ... .421 .2.32 .032 
4- · ..... 1 - .124 -,302 -.489 
5 . ...... -.473 - . 576 -.667 
6..... -.688 - .7<10 -.766 
i. ... -.552 -.600 -,628 
8 .. . .. _. -.239 -.246 -.237 
9. ... -.244 -.257 - . 252 
10 ... _ ... -.267 -.271 - . 269 
II ....... -.292 - .296 - .29B 
12 ....... -,28J -.285 -.285 
13 _. __ .. - .217 -.220 -.20G 
-;-·-··1 
3 . . ..... ' 
~ :: : ::::: 
6 ...... -' 
7 ... _ .. . 
8 ...... . 
9 •.••••• 
:L:::::I 
12 ..... . . 














1 ... • T l.l58 
2.. .... 1. 066 
3 .... __ . .6~2 
4.... . .. . 029 
5 •••• •• • 1-. 433 
6 •...... -.736 
7 ..... .. -.557 
-.172 9:::::::1 -.176 
10 ... ... . 1 -.16 
11. ...... -.194 
I 
13 .. _ .... -.150 
12 ....... 1 -.228 
L ..... . 2 _______ 1 
3 ...... . 
4 .•.•••• 
5 .. ""'1 6 ...... . 
7 • • ••• •• 1 8 ...... . 
g •••• • . . 
10 ...... . 
11 ... -. 
12 ...... . 
13 ...•... 
L ..... . 
2 • ••••.. 
3 .. .... . 
4 • • _ 
5 
(j . -- - .•. 7 _____ _ 
8 ._ 
9 ... _ .. . 
10 ...... . 
11 • ..•••• 
12 ...... . 

































- . 69 
-.228 


















































- . 651 
-,22S 















































- . 678 
-. 73 
- .751 














































































































































- . 496 





I I:~~ -.184 -888 -_866 { -.427 
-.407 
- . 192 
- . 562 
-.646 
-.524 













- . . 1H2 
-. 1'>2 


















































































































































































- . 3 11 
- . 454 
.002 
.1:17 



















- \. 630 





































- . 468 
- . 358 

























- . 634 



















































































































P RESSURE DISTRI BUTION OVER AIRFOILS AT HIGH SPEED 39 
LI FT COEFFI CIENTS, Cr, 
AIRFOIL 1 
Angle of attack 
VIc ~I~I~ ~I~ I 
-
0° 4° 8° 12° 16° 20° 24° 
I 
--- ---
0.50 -0.201 -0.177 -0. 139 -0.060 0. 07,'i 0.215 0.401 0.522 0.046 0.76\ 0.830 0.705 
.65 - .184 -.157 - . 114 -.037 .070 .214 .390 .496 .629 .713 .657 .673 
· 
.SO -. 150 -.106 -.058 .003 .054 .205 .354 .484 .559 .60 .626 .048 
.95 -. 152 -.110 -.046 .024 .027 .1' .253 .379 .458 .522 .579 .613 
1.08 -.213 -.161 -.106 -.124 I -.136 .040 .148 .289 .409 .491 .542 .597 
AIRFOIL 2 
I 
0.50 -0.148 -0.120 -0.074 0.007 0.\35 0.256 0.40 0.55.1 0.6.51 I 0.794 I 0.851 0.639 .65 -.125 -.075 -.022 .042 .095 .238 .391 .518 .622 .700 .604 .663 
.SO -.054 -.Oll .036 .067 .129 .243 . 361 . 487 .536 .573 .• 172 .614 
.95 -.114 -.004 .000 .035 .0f>8 .09 . 196 .336 .460 .f,06 .545 .574 
1. 03 -. 192 -. I H -.U9 -.156 -. 198 -.03.5 .123 .232 .353 .159 .529 .539 
AIRFOIL 3 
i 
-O.09S 1-0. 017 0. 020 0.431 0.580 0.881 0.50 0.09:1 0.196 0.2 2 0.663 0.786 0.586 
" 
.65 -.045 .007 .064 .091 .144 .268 .415 .531 .619 .682 .610 .638 
.SO .007 . 056 .OSO .103 .152 .260 .369 .465 
I 
.49 . 516 .549 .595 
.95 -.063 -.001 .012 
I 
.023 .019 .0 7 .197 .299 .395 .453 .511 .549 









0.024 0. 069 0.140 0. 199 0.237 0.320 0.476 0.5:';0 0. 681 0.795 0.536 0.562 1 
.65 . 079 .133 .191 . 199 .209 . 297 .405 .19(; .617 .5SU . .1.10 .606 
.SO . 102 .149 .174 .217 .216 O. 283, O. 265 .313 .378 .111 .4SO . 52!) . C>01 
.95 .021 . 039 .054 .056 .0 9 .096 .143 .229 .3a5 .410 .465 .519 
. 





I O. 900, O. 821 0.50 0.066 0.13 1 0.201 0.257 0. 23 0.338 0.490 0.603 0.665 0.77 0.521 
. 65 .123 . 181 .242 .232 .233 .299 .454 .52 . 591 .475 .515 .575 
.SO . II I . 176 .m . 256 . 20 0.214,0.17 . 266 .344 .3 .476 .501 .540 
.95 -.027 -.001 .00 .000 - . 074 -.001 .121 .221 .307 .417 .499 .512 
1.08 -.118 -.122 -.094 - .121 - . 260 - . 133 .010 .152 .217 .333 .410 .487 
. 
AI R FOIL 6 
, I 0.50 0.150 0.218 0.2 5 0. 316 O. 28~ 0.371 0. 170 O. 5 0.668 0.79\ 0.4l!B 0.469 
.65 .225 .28.1 .314 .296 .30 .329 .426 . .';'12 . (HO .440 . 47:\ .4\10 
· 
.80 .187 . 24 1 .280 . 286 . 19 0.190,0.210 .204 .329 .358 .423 .462 .491 
. 95 -.010 .013 .028 .000 -.OR9 -.04(; .OC,o . 190 .310 .36C. .405 . 465 








































REP ORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
DRAG COEFFICIENTS, CD 
AIRFOIL 1 
Anglo of attack 
~~I~L~I 0° I 4° 8° 
0.1 5 0. 149 0.124 0.079 0.053 0.042 0.045 0.059 
.1 1 .151 .117 .083 . 057 .044 .047 .063 
. ISO .14 .Jl9 .086 .068 .050 .057 .OSO 
.197 .160 . 131 .105 . 083 .071 .082 .107 
.217 .179 .14 .124 .101 .0 ~ .0 .108 
AIRFOIL 2 
0. 196 0. 164 0.132 0.101 0.079 0.065 0.067 0.086 
.191 .163 . 133 .107 .079 .067 .072 .0 5 
. I 6 .161 .136 . liS .092 .06 . 079 . 102 
.214 .1 5 .157 .133 .110 .096 . 102 .127 
.241 .206 · 179 .157 . 131 . UO .109 .128 
AIRFOIL 3 
0.202 0.168 0.139 0.115 0. 092 0.075 0.078 0.097 
.196 .170 .147 .123 .09,; .081 .083 .09 
.197 .176 .15 .136 .110 .092 . 095 .122 
.230 . 200 . 179 .157 .135 .ll .122 .139 




0. 172 0.14 0.130 0.101 I 0. 079 0.0 0.091 .192 .172 · 157 .n6 . 10;; .089 . 0 .096 
.199 . 181 · !fig 
I 
.150 · I~:l . 10\ .1l0 .141 
. 21:J .220 .199 . 1 'J .160 . 147 .149 .163 
.278 .252 .22 .205 .186 . 157 .153 .163 
AIRFOIL 5 
O. W7 0.151 O. U2 0.090 0.093 0.099 
.1 'J .15 .127 .101 .112 .105 
· 19~ .178 . 145 .128 .139 .160 
.230 .210 
· 1~ .liO .168 . I 5 
.255 .2:JO . 209 .178 .168 . 173 
AIRFOIL 6 
0.221 0.205 0.191 0.176 O. 1~!i 0.122 0.109 0.111 
.228 .216 .207 . I~'J 
· ISO .119 .118 .134 
.240 .225 .213 . 202 . 176 . tfl2 . 176 . 195 
.29 .274 .259 .237 · ~L !) . 199 .194 .2O:j 
.330 .301 .230 .261 .233 ;0. 20 ,0. 211 .IU6 .200 
-
I~~ I 20° 24° 
0.085 0.123 0.165 0.286 
.095 .140 .230 .291 
. 119 .174 .231 .2 7 
.144 .183 .233 .275 
.144 .190 .235 .284 
------
0.106 0.152 0.1 0.298 
.110 .156 .249 .314 
.13 .205 .251 .301 
.173 .220 .263 .303 
.166 .208 .255 . 302 
0.112 0.150 0.203 0. 280 
.117 .210 .266 .314 
.166 .209 .262 .311 
.173 .207 .262 .302 
.168 .207 .249 .303 
O. ll6 0.150 0.257 0.298 
.126 .202 .271 .327 
.17 .226 .268 . 312 
.190 .220 .2i1 .319 
.186 .223 .270 .3:18 
0.105 0.135 0.313, O. 175 I 0.2 9 .127 .203 .247 .304 . 193 .240 .282 .321 .205 .253 .289 .318 
.194 .225 .260 .307 
I 0.125 0.169 0.1P3 I 0.302 .206 .241 .278 .317 
.218 .2&1 .:l00 .340 
.227 .255 .29 .341 








AngIe or attack 
VIc 
-20° -16° -12° _8° _4° 0° 4° 8° 12° 16° 20° 24° , 
------
--_. - -- --- --- ---
0.50 -0.041 -0.030 -0.019 0.026 0.112 0.156 0.173 0.184 0.199 0.208 0.209 0.268 
.65 -.028 -.019 .000 .043 .113 .155 .174 .174 .19 .196 .258 .277 
0 I .000 .017 .039 .067 .097 .155 . 166 .171 .183 .220 . 251 .266 
· 
: 95 .010 .02'2 .049 .0 2 .081 .H14 .167 .178 .205 .223 .242 .242 







0. 019 0.059 0.144 0.193 0.19 I 0.212 
I 0.217 0.227 I 0.50 -0.013 -0.003 0.222 0.283 
.65 .004 .028 .050 .0 I .128 .17 .197 .1 
r 
.199 .204 .270 .295 
.so .053 .072 .092 .100 .138 .1 2 .186 .184 .192 .243 .254 .269 
.95 .028 .052 .078 .01 .091 .148 .160 
I 
.168 .217 .239 .252 . 255 
1.08 -.011 .012 .017 -.005 .028 .097 .154 .172 .183 .20S .228 .243 
AIRFOIL 3 
0. 50 0.005 0.028 0.065 0.104 0.152 0.1 0.211 0.223 0.218 0.228 0.233 0.261 
.. .65 .045 .068 .093 .100 .130 .183 .205 .199 .199 .274 .273 . 284 
.80 .084 .103 .113 . 108 .130 .174 .184 .193 .211 . 229 .2.;5 .269 
.95 .054 .081 .075 .068 . 066 .14 .173 .193 .210 .224 .244 . 252 
1.08 .000 .007 .009 .003 .023 .085 .157 .179 .1 0 .203 .220 .241 
• AIRFOIL 4 
-
- ---, 
0.50 0.065 0.092 0.125 0.156 0.174 I 0.207 0.231 0.216 0.223 0.228 0.24 0.256 
.65 . J09 .132 .159 . 153 .153 .194 .200 .190 . 199 .245 .260 .279 
.SO .127 I .151 .152 .158 .150 0.198,.205 .175 .196 .208 . 229 . 246 .269 
.95 .099 . 095 .091 .00 .17l .137 .163 .181 .201 .209 .230 .247 
1.08 .007 .012 .017 .005 .013 . 077 .144 .168 .176 .1 .210 .232 
AIRFOIL 5 
, 
I I 0.50 0.090 0.121 0.154 0.179 0.156 0.208 0.233 0.228 0.209 0.219 O. 260, O. 272 0.240 .65 .129 .159 .182 .160 .155 .190 I .233 .205 .195 .217 .232 .257 
.80 .132 .163 .176 .1 0 .138 0.141,. lSI .174 .193 .203 .226 .240 .251 I .95 I 
.055 .062 .058 .048 .016 .114 .162 .180 .195 .223 .233 .239 





0.167 0.197 0.205 0.165 0.222 0.233 0.226 0.220 0.241 0.185 I 0.229 
.65 .188 .214 .218 .190 .192 .197 .211 .213 .261 .229 .234 .238 
.80 .160 .187 .190 .184 .128 .158 .185 .204 .222 .224 .242 .248 
• .95 .052 .063 .063 .043 -.003 .087 .151 .178 .199 .208 .232 .243 










42 REPOR'!' NATIONAL ADVI ORY COMMITTEE J!'OR AERONAUTICS 
CENTER OF PRESSURE COEFFICIE T 
AIRFOIL 1 
--. 










0.50 0.16 0.14 0.12 -0.37 1.58 0.73 0.43 0.35 0.31 0.27 0.25 0.35 
.65 .12 .10 .00 -.90 1.71 . 72 .44 .35 .31 .27 .37 .38 
.80 .00 -.12 -.48 -7.44 1.9 . 76 .47 .35 .32 .35 .38 .38 




0.50 0.06 0.02 -0.20 -S.43 1.12 0. 75 0.4S 0.38 0.33 0.28 0.26 0.40 
.65 -.02 -.24 -1.02 3. II 1. 27 .75 .50 
I 
.36 .32 .28 .41 .40 
.SO -.47 -1.31 13.14 1.96 l.l3 .75 .51 .37 .35 .40 .41 .39 





0.50 -0.03 -0.30 -7.22 I. 37 0.80 0.67 0.49 0.38 0.32 0.29 0.26 0.40 
.65 -.41 -1.66 2.S2 1.32 .95 .68 .49 .37 .32 .3 .41 .40 . 
.80 -1.38 17.16 2.51 1. 30 .90 . 67 .49 .40 .40 .41 .42 .40 
.95 -.39 -1.45 
-2.88 
I 
68.00 0.60 1. 70 .84 .61 .50 .46 .43 .40 1.08 .00 -.04 
-.06 -.02 -.11 
-1.37 1.37 .75 .53 .46 .42 .40 




0.50 -1.48 4.84 1.1 0.87 0.76 0.65 0.48 I 0.39 0.32 0.28 0. 42 0.40 .65 13.62 1. 65 1. 03 6 .76 .65 .49 .3 .32 . 41 .43 .41 
I 
.80 4.54 I. 62 1.13 1 .72 .75,.72 . 55 .50 .47 .44 .42 .40 
.95 -1.57 -4.13 8.27 2: 67 
I 
-6.45 3.72 1. 07 .72 .55 .45 .43 . 41 1.0 -.03 -.07 -.12 -.04 






0.50 -8.1 1.64 0.95 0.77 0.68 
I 
0.62 0.47 0.37 0.31 0.28 0.29, O. 31 0.41 
.65 3.00 1.33 .92 .77 .69 .64 .51 .38 .32 .42 .41 .40 
.SO 5.28 1.48 1.00 .79 .70 0.70,.79 .63 . 53 .49 .43 .42 .40 
.95 -.42 - 9 -1.45 -1.65 -.1 
-114. 00 1.23 .73 .57 .45 .41 .40 1. 08 - . 03 -.01 -.07 .06 .00 






0.50 2.11 1.09 0.83 0.71 0.60 0. 60 0.49 0.38 0.32 0.30 0.35 0.42 
.65 1.41 1. 01 .83 .71 .65 .62 .49 .39 .40 46 . 43 .41 
.80 1. 70 l.l0 .83 .72 . 69 0.75,.83 .67 .58 .56 .47 .45 .42 
• 
.95 -.46 -.98 -2. 33 
-1.30 .03 
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PositiYe d irections of axes and angJes (forces and mom('nts) are shown by arrows 
Axis !\loment about axi3 ~\.ngle Vclocities 
Forre 
(parallel 
Sym- to axis) Design[\.- vm-Designation bol symbol tion bol 
--
LongitudinaL __ 1 X X If I L ro lllg _____ 
LateraL _______ ' y y Pitc~ing--- -1 M NormaL ______ I z Z yawlllg----- .'1-
Absolute coefficien ts of moment 
o =~ C = 1JI C = N 
L qb iII qcS N gfS 
Lincar 
PObitiv(' Designa~ Svm- ,tom po-





roll ______ <I> 11 P Z------.X pitch _____ e v q 
X-----. Y yaw __ __ _ 'l1 10 r 
-------- -
~lllgie of seL of control surface (relaLi,·e to neu-
tral po ition), 0_ (Indicate surfltee by proper 
sub-cripL) 
4_ P ROPELLER SY:\lBOLS 
V, Diameter_ T, ThruSL 
Pe, Effective pitch 0, Torqu£'_ 
P!1' Mean geometric pitch. P, Power. 
P., Standard pitch_ (If " coelIicieH ts JJ arc introduced 
Pv, Zero thrust. units used 111 us t he cOllsistell t.) 
pa, Zero torque. TJ, Efficiency = T r /p. 
p/D, Pitch ratio. n, RevoluLions pCI' sec., r. p . s . 
17' , Inflow velocity. N , Reyolutions per minute., R. P. 11. 
17., Slip stream yelocity. iI>, EffecLiye helix angle = LUn-1 (2:rn) 
5. NUMERICAL RELA TIOKS 
1 HP = 76.04 kg/m/sec. = 550 lb ./ft./sec. 
1 kg/m/sec. =0.01315 HP. 
1 mi./hr . = 0.44704 m/sec. 
1m/sec. = 2.23G93 mi./hr. 
1 lb. = 0.4535924.277 kg. 
1 kg =2.2046224 lb. 
1 mi. = 1609.35 m = 5280 ft. 
1 m=3.2808333 ft 
all 
